a variety of reasons (P‫.)100.0؍‬ The rate of upper airway malignances was significantly higher in ALD patients than for non-ALD post-LTx patients and the general public. Graft loss/death related to recidivism or chronic rejection was extremely low. More attention is needed for early diagnosis of de novo cancer and prevention of cardiorespiratory and cerebrovascular complications.
Once recognized as a socially and ethically controversial indication for liver transplantation (LTx), alcoholic liver disease (ALD) is now not only widely accepted but is also one of the commonest indications for LTx in the United States. Although initial results of LTx under cyclosporine demonstrated comparable patient survival for ALD compared with non-ALD indications (1, (2) (3) (4) (5) (6) (7) (8) (9) , very little has been published on the long-term LTx outcome of alcoholics under tacrolimus immunosuppression (10) . We report on the long-term outcome of alcoholic cirrhosis examining patient survival, graft survival, causes of repeat transplantation, and causes of death. In particular, we demonstrate the contrasting risks of developing de novo cancer in alcoholic and non-alcoholic liver transplant recipients and compare this rate to the general population.
PATIENTS AND METHODS
The study population consisted of 834 consecutive adults (age, Ͼ18 years) who underwent primary LTx between August 1989 and December 1992. Initially, 188 patients were classified as having alcoholic cirrhosis; however, on detailed review of their records, 3 patients did not have a history of sufficient alcohol abuse. Thus, 185 ALD patients (group I) were compared with 649 non-ALD adult primary liver transplant patients (group II). The demographics of both groups are shown in Table 1 . The mean age was 50.8Ϯ10 years (range, 26 -75 years) in group I vs. 49.7Ϯ13 years (range, 18 -76 years) in group II. All patients were followed until January 1999, with a mean follow-up of 94Ϯ10.7 months for group I and 92Ϯ11 months for group II. There were 24 patients in group I who also had hepatitis C virus (HCV) infection (tested either by ELISA or polymerase chain reaction), 2 patients who had hepatitis B virus (HBV) infection, and 8 patients who had incidental hepatocellular carcinoma.
Medical records of the patients were reviewed to identify the pretransplant length of sobriety, history of alcohol rehabilitation, and rate of recidivism. The clinical records were also examined to determine rate of repeat transplantation, cause of repeat transplantation, cause of death, and de novo malignancy. Recidivism was defined as any alcohol use endorsed by the patient or by positive blood ethanol levels. Post-LTx patients were followed closely by the transplant coordinators, who monitored patients' laboratory values, attendance at clinic appointments, and compliance with immunosuppressive and other medications. Patients were questioned about alcohol use, and random blood alcohol levels were checked if drinking was suspected or if hepatic enzymes were elevated. Prospective alcohol measurements were not used during this time interval.
The immunosuppressive protocol has been previously described (11) (12) (13) (14) (15) (16) . Briefly, patients who received transplants before February 1990 received tacrolimus at 0.15 mg/kg/day intravenously as a 2-4 hr infusion. From February 1990 onward, the dose was reduced to 0.1 mg/kg/day, and, after August 1991, it was further reduced to 0.05 mg/kg/day. The first 53 patients received 1 g of methylprednisolone with a total of 600 mg of methylprednisolone tapered over the next 5 days. The remaining of patients received 20 mg of methylprednisolone per day immediately after LTx.
Kaplan-Meier estimates were used to calculate survival curves. Differences in survival curves were compared using log-rank statistics. Cox proportional hazard models were also fit to test differences in survival. Differences in proportions were tested using a chi-square test (or Fisher's exact test). P-values less than 0.05 were considered statistically significant. Analyses were performed using SPSS 8.0 (Statistical Package for Social Sciences software for Windows; SPSS, Chicago, IL) and Stata (1999 Stata Statistical Software, release 6.0; Stata Corp., College Station, TX).
The incidence of de novo cancers in group I and group II was compared with the general population matched for age, gender, and length of follow-up using the modified life table technique of the Occupational Cohort Mortality Analysis Program (OCMAP-PLUS; adapted for cancer incidence data) (17) . The "person-years at risk" contributed by each patient were jointly classified by age group, gender, and time period. The expected counts of malignancies were computed by multiplying the average annual gender-age-time-specific incidence rates by the corresponding gender-age-time-specific person-time. The incidence rates for malignancy for Caucasians were used exclusively, as 85% of the LTx patients were white and the remaining 15% represented a mix of nonwhite races for which standard incidence rates were unavailable. Standard incidence rates were obtained from the 1990 -91 Surveillance Epidemiologic End Results (SEER) data (18) . As a result of SEER reporting limitations, the expected number of malignancies for the time period of 1989 -1999 were based on 1989 -93 incidence rates. Comparative malignancy incidence was expressed as a standard incidence ratio (SIR), that is, the ratio of the observed number of malignancies to the expected number of malignancies. A SIR value greater than 1.0 indicates excess risk, whereas a value less than 1.0 is a decreased risk. Statistically significant deviations of the SIR above and below 1.0 were identified using Poisson probabilities (19) . Because SEER data for malignancies of the eye, Kaposi's sarcoma, other epithelial skin cancers, and unspecified sites are not available, SIRs were not computed for these categories.
RESULTS
Patient survival. Patient survival for ALD group was slightly better for the first 5 years after LTx when compared with the non-ALD group. After 5 years, the survival for ALD group was lower compared with non-ALD group (Fig. 1) . Overall, actuarial survival for the entire follow-up period of 9 years was 50.2% for group I vs. 58.5% for group II and did not reach statistical significance (Pϭ0.82). The overall follow-up period was divided into two separate groups: the first 5 years after LTx and beyond 5 years after LTx. At 5 years after LTx, 133 out of 185 (72%) patients were alive in group I and 432 out of 649 (65.5%) in group II (Pϭ0.14). The Kaplan-Meier estimates of survival beyond 5 years after LTx were 69.9% and 88.4%, for group I and group II, respectively, normalizing survival at 5 years to 100%. This difference in survival for ALD group and non-ALD group was statistically significant (log rank; Pϭ0.0001) ( Fig. 2A) . A Cox proportional hazard model showed that alcoholics were 2.3 times more likely to die than non-alcoholics after the 5-year mark. Adjustment for age at transplant had no effect.
The most common causes of death beyond the first year after LTx were de novo cancers and age-related problems of cardiac failure, respiratory failure, cerebrovascular accidents, and noncompliance. Recidivism accounted for only one death, a patient who died of recurrent alcoholic pancreatitis and liver failure 8 years after LTx. The causes of death at various times after liver transplantation are shown in Figure  3 . There was no difference in survival between male and female patients with ALD (actuarial 9-year survival for male, 48.5% vs. female 56.5%; Pϭ0.85). When comparing age at the time of transplant, actuarial 9-year survival for alcoholics Ͼ60 years (nϭ39) was lower (47.6%) when compared to age Յ60 years (51.3%; nϭ146), but this was not significant (Pϭ0.56). Similarly, the 9-year actuarial survival for intensive care unit-bound (nϭ94) patients was worse (33.8%) compared to the 67 hospital-bound patients (64.6%) or 24 patients who came from home (53.3%) but did not reach statistical significance (Pϭ0.13).
Graft survival. Graft loss was defined as loss of graft at the point of repeat transplantation or patient death. Overall, graft survival for ALD and non-ALD showed a trend similar to patient survival, given that "death with a functioning graft" was the major cause of graft loss after 6 months (Fig.  4) . Actuarial overall 9-year graft survival for group I was 49.7% vs. 53.2% for group II (Fig. 4) . Graft survival at 5 years was 66.5% for group I vs. 60.3% for group II. For those who survived beyond 5 years, graft survival was significantly poorer in the ALD group than the non-ALD group (Pϭ0.001) (Fig. 2B) . The causes of repeat transplantation in ALD group consisted of hepatic artery thrombosis (nϭ11), primary nonfunction (nϭ8), portal vein stenosis (nϭ1), intrahepatic stricture (nϭ1), and recurrent hepatitis C (nϭ1). The rate of repeat transplantation was 11.8% (nϭ22) in group I compared to 15.8% (nϭ103) in group II. In addition, three patients (1.6%) in group I received third transplant compared to 18 (2.7%) patients who received a third and fourth transplant (0.6%) in group II.
De novo cancers. A total of 36 patients (19.5%) developed de novo cancers in group I compared to 45 (6.9%) in group II.
Non-melanoma skin cancer (squamous cell or basal cell cancers) accounted for 15 (8.1%) in group I vs. 16 (2.5%) in group II. Follow-up of group I and group II provided 978 and 3471 person-years from transplant to death or to January 1999, respectively. This was compared to SEER data for incidence of cancers matched for age, gender, and length of follow-up. Standard incidence ratios of observed to expected cancers in group I and group II for selected sites are shown in Table 2 . The survival for patients who developed non-melanoma skin cancer was 86.2% at 6 years compared to 42.7% for other cancers in group I, which was statistically significant (Pϭ0.007).
Post transplant lymphoproliferative disorder (PTLD). Six patients (five men and one woman) in group I developed PTLD in the following primary sites: lymph node (nϭ2), colon (nϭ2), and liver (nϭ2), at a mean of 37.8Ϯ39.0 months after LTx. Five of these patients died within 12 months after PTLD, and one patient with PTLD in an axillary lymph node is alive 48.9 months after PTLD and 87.9 months after LTx. In group II, 17 patients (2.6%) developed PTLD. Fourteen (82.5%) of these are alive currently. Thus, mortality after PTLD for the alcoholic group was significantly higher than for the non-alcoholic group and reported for all adult LTx population (Pϭ0.002) (20 -23) .
Hepatitis C virus (HCV) and hepatitis B virus infection in ALD patients. Twenty-four ALD patients (12.9%) were known to have associated HCV infection, and 2 (1.8%) pa- tients had associated HBV infection at the time of LTx. Ten (41.6%) patients with HCV infection are alive, and 14 have (58.3%) died. The 9-year actuarial survival of patients with ALD and HCV infection was lower (44.1%) than ALD without HCV infection (56.5%) but did not reach statistical significance (Pϭ0.34). Three patients with HCV underwent repeat transplant for hepatic artery thrombosis. One patient with HBV died from lung cancer (92 months post-LTx), and another patient died of recurrent HBV infection after four years.
Hepatocellular carcinoma (HCC).
Eleven patients had incidental hepatocellular carcinoma (stage T1 to T3, N0, M0) at the time of liver transplantation. Six patients (54.5%) are alive and recurrence-free. Five patients died, one each from cardiac arrest, candidiasis, cryptoccocosis, cerebrovascular accident, and motor vehicular accident at 0.03, 2, 5, 78, and 75 months, respectively, after transplantation. The 9-year actuarial survival was 51% comparable to those without hepatocellular carcinoma (50.6%) for group I. In control group II, 127 patients had HCC and 76 patients died with the 9-year actuarial survival estimate 39.5%.
Post LTx alcohol-related morbidity and mortality. The details of pretransplant sobriety and alcohol rehabilitation were available for 170 (91.9%) patients from medical records, whereas, for 15 patients, this information was not documented. Eleven patients (5.9%) had sobriety intervals of Յ1 month, 46 patients (24.9%) between Ͼ1 month and Յ6 months, and 128 patients (65.4%) had Ͼ6 months before LTx. Sixty-five patients (35.1%) went to rehabilitation before transplant, of whom 59 (90.8%) completed successfully and six (9.2%) failed rehabilitation. Those who failed rehabilitation were required to resume alcoholism treatment and demonstrate sustained sobriety before transplantation.
Thirty-seven patients (20.0%) had documented history of recidivism after LTx of which one patient (2.7%) had sobriety intervals of Յ1 month, 15 patients (40.5%) had sobriety intervals of Ͼ1 month but Յ6 months, and 21 patients (56.8%) had sobriety intervals Ͼ6 months before LTx (Table 3) . Of these 37 relapses, 18 (46.6%) went to rehabilitation before LTx, 16 (43.2%) did not go to rehabilitation and 2 (5.4%) had attended more than one rehabilitation; in 1 (2.7%) patient, the rehabilitation history was not known (Table 4) . Neither pretransplant length of sobriety (Pϭ0.17) nor pretransplant alcohol rehabilitation (Pϭ0.08) were associated with posttransplant alcohol recidivism. Alcohol rehabilitation is not commonly thought to be useful for patients who have more than a 2-year history of sobriety. In our cohort, we had 50 such patients who were not referred for rehabilitation before LTx. However, eight patients relapsed after transplantation (Table 4) . Alcohol consumption was believed to be directly related to deaths of four patients. In one patient, persistent alcohol consumption for 8 years caused recurrent alcoholic pancreatitis and cirrhosis. In three others, alcoholism with simultaneous noncompliance with immunosuppressive medications, clinic appointments, and laboratory testing resulted in liver failure and death, 5-8 years after LTx (Fig. 3) . None of these patients were considered for repeat transplantation as all patients failed repeated attempts at alcohol rehabilitation.
DISCUSSION
There are a number of reports showing comparable patient and graft survival in alcoholic cirrhotic and non-alcoholic cirrhotic patients undergoing LTx (3-5, 7-10, 20 -24) . The overall survival in this report was also comparable for ALD and non-ALD group; however, when the analysis was divided into before and beyond 5 years after LTx, there were notable survival trends. Although the early survival (from 0 to 5 years after LTx) was better in the ALD group compared to the non-ALD group, we also found that the survival in the ALD group was significantly less than that of non-alcoholic cirrhosis after 5 years. The survival for ALD group was better in the first 5 years compared to non-ALD group, partly because the ALD group was relatively free from recurrence of primary malignancy, recurrence of viral hepatitis (HCV and HBV) and recurrence of auto-immune processes. Everson and co-workers (10) gave an account of 68 alcoholic cirrhotic patients and observed decreasing long-term survival. They felt that patient death was partly related to consumption of alcohol. Initially, we also believed that recidivism would be an important factor in delayed patient death. However, in this report, only one death was attributed to recidivism, and three deaths occurred from the combination of noncompliance with immunosuppression medications, follow-up blood testing, and recidivism. Thus, the major causes of patient loss after this period would be nonpsychosocial causes and nonimmunological causes. It has been suggested that ALD recipients appear to have lower immunologic reactivity as expressed by lower incidence of both acute and chronic rejection (20, 25) . Indeed, Berlakovich and co-workers (26) reported favorable survival in 58 ALD patients after LTx and did not find any evidence of chronic rejection, which our present report appears to support.
Thus, the major cause of patient and graft loss appears to be nonimmunologic in nature. The majority of delayed deaths were related to de novo cancer, cardiorespiratory, and cerebrovascular events. The risk of death was 2.3 times higher for the alcoholic group of patients beyond 5 years after LTx adjusted for age. Patients with HCV infection in ALD group had lower survival, but this did not reach statistical significance in this series, presumably because of the small number of patients in this cohort. Bell and co-workers (8) , analyzing the UNOS database containing more than 3000 patients, found HCV infection with ALD had slightly lower survival at 3 years, although not different in the first year. However, Weisner and co-workers (27) reported no difference in patients with ALD and HCV infection after LTx.
There was a significantly higher risk of oral, esophageal, pharyngeal, laryngeal, and hepatic cancers in nonimmunosuppressed middle-aged and elderly American individuals with moderate to large amount of alcohol consumption (28) . Increased morbidity has also been reported from Europe (29) . We have previously reported an increased incidence of certain de novo cancers in post-LTx patients under tacrolimus (30) . For these comparative studies, we used the SEER data (18) and found the rate of oropharyngeal cancer in the ALD group was almost 25 times higher than the general population matched for age and sex. The risk did not appear higher for the non-ALD control group when similar comparisons were made. In addition, lung cancer was 3.7 times higher in the ALD group compared to nontransplanted population, and this risk was not higher in the control non-ALD LTx group under tacrolimus. Kelly and co-workers (31) also found an increasing incidence of de novo cancers in alcoholic cirrhotic but not higher in other LTx patients. However, other reports have suggested an increased risk of developing de novo cancer in post-LTx patients (32) (33) (34) (35) . This may be the result of failure to acknowledge different risks based on organ system. Genitourinary cancers were also 2.2 times higher in the alcoholic population but not in the non-alcoholic group; however, this did not reach statistical significance. Standardized incidence ratios for gastrointestinal cancer and female gynecological cancers were 0.77 and 0.92, respectively.
Although the rate of PTLD in the ALD group (3.2%) and the non-ALD group (2.6%) was similar, surprisingly, the mortality in ALD group with PTLD was significantly higher (83%) as compared to (17.6%) in non-ALD group (Pϭ0.002). Although there are many reports on PTLD in LTx population, there is no report of increased mortality as a result of PTLD in LTx patients for ALD (36 -40) . This will need verification from other centers.
The rate of recidivism was 20% in this group of ALD transplant population, and this did not appear to correlate with the length of sobriety or rehabilitation before LTx. However, this is not to suggest that all alcoholic cirrhosis patients should receive transplants without any intervention, such as evaluation or rehabilitation. We believe that the key to providing LTx to ALD patients is with a dedicated team of psychiatrists, nurses, and social workers, who develop a follow-up plan with the patient and his/her family, monitor clinic attendance, and evaluate compliance with medical advise. This may be more important in determining abstinence than previously assumed factors such as length of sobriety and rehabilitation. In fact, the inability of various parameters to predict abstinence (41) supports this concept. Williams and co-workers and Foster et al. (22, 41) have made similar observations and felt initial period of sobriety was not important in post-LTx drinking.
In summary, patient and graft survival for ALD through TRANSPLANTATION the first 5 post-LTx years was better than that of non-alcoholic cirrhotic controls; however, after 5 years, it was significantly inferior. In our group of selected ALD patients who underwent LTx, the rate of recidivism was 20% and showed no correlation to length of sobriety or rehabilitation before LTx. The contribution of recidivism and noncompliance to mortality was minimal. The rate of de novo oropharyngeal cancers and pulmonary cancer for the alcoholic group was 25 times and 4 times higher when compared to the general population. This was not higher for the non-alcoholic control group after LTx, suggesting that immunosuppression per se, is not a factor in initiating malignant changes. Other factors, such as concurrent alcohol use and smoking, are likely synergistic factors in potentiating the development of de novo cancers in the ALD group. Thus, the challenge for these patients will be in detecting the development of such malignancies and intervening conditions such as cardiovascular disease, in order to improve long-term survival.
